Abstract Teachers in the 21st century are facing new challenges as a result of the expanding possibilities of ICT integration in every aspect of the school milieu. Studies have shown the potential of teacher professional development (TPD) that is tailored to local conditions as well as global components and takes advantage of mutual support among teachers, as well as modeling of effective practices. The goal of the paper is to consider the issue of TPD with reference to the usage of ICT as a lever for educational change in a systemic manner, based on the application of local as well as international research. This paper will synthesize some key issues and challenges for TPD in the ICT-saturated 21st century, illustrated in four cases presented herein, which synthesize elements of practice and theory. Based on the literature and the four case studies, we suggest a conceptual model for identifying and evaluating TPD practices using ICT as a lever for educational change and innovation, accompanied by research aimed to develop TPD models. We include suggestions for more effectively linking research to practice and will lay out possible research directions, as a means of facilitating evidence-based decisions and policies.
Introduction
At EDUsummIT 2013 the working group (TWG3) on Teacher Professional Development (TPD) built on the work from EDUsummIT 2011 (Twining et al. 2013) . Three foci were identified for initiating discussion: 1) engaging all stakeholders in developing a shared vision about the role of ICT in education, 2) engaging more teachers in school-based communities of practice and professional learning networks, which have been shown to be effective for building ICT integration capability, and 3) reducing the gap between educational research and the practice of teachers through research that is more closely connected to teachers' practice .
In its report following EDUsummIT 2013, TWG3 offered recommendations about developing a shared vision for ICT in education and teacher education, the role of policymakers, the practice of TPD, and possible directions for research, together with suggestions for action at local, national and international levels ). This paper extends that work by reviewing recent literature and suggesting a conceptual model for identifying and evaluating TPD practices related to using ICT to transform education in response to wider societal change. Emphasis is given to the third discussion point above in recognition of the need to redress the disjunction that typically exists between research and practice in education. Cases from four different regions around the world are presented to illustrate key ideas and possible research directions for facilitating evidence-based future practice.
Exploring conditions for integrating ICT in education
Innovation has been a focus of research for decades. Innovative pedagogical practice using technology has been discussed in research and practiced in the education milieu for over two decades, since the emergence of ICT not only in computer science, but also as a lever for pedagogical change (Kozma 2003; Kozma and Vota 2014) . Grunberg and Summers (1992) concluded that factors affecting technological innovation are often similar to those affecting other innovations and that much can be learned from other attempts to implement change (Rogers 2003) . Hence, the integration of ICT in education is a case of educational innovation and likely to be governed by the same considerations as other educational innovations. Fullan (1991) lists a set of key themes considered to be particularly important for successful implementation of educational innovations: vision-building; evolutionary planning; initiative-taking and empowerment; staff development and resource assistance; monitoring, and coping with, problems; and restructuring. Similar themes have been identified with regards to integration of ICT in education (Kennisnet Foundation 2011; Kozma 2008; Lim et al. 2011; Tondeur et al. 2012) . Kozma (in Wagner et al. 2005) highlights that if innovations are to be effective, policymakers and project leaders should think in terms of combinations of input factors that can influence their impact. To illustrate, in a study of innovative ICT usage in secondary schools in the UK, three key themes emerged: in addition to the need to incorporate new pedagogies when using new technologies and the use of these innovations for school public relations, the study highlighted the changing roles of teachers (Pearson and Naylor 2006) . The changing roles of teachers were a factor in teachers expressing the need for in-service training programs concerning the pedagogical use of ICT in class practice in a recent Greek case study (Kalogiannakis 2010) . According to additional research literature, introducing ICT for educational purposes requires balance between vision for ICT use and other aspects of educational activity (Vanderlinde et al. 2014) . Teachers play a crucial role in this, but there is also a need for leadership to guide the process and to create the right conditions for collaboration with other professionals (Kennisnet Foundation 2011).
There are several local studies (at the micro, meso and macro-level) regarding best practices in ICT integration, focusing on the teachers' perspective (e.g., Hughes 2005; Kozma 2003; Tondeur et al. 2013) . One macro-level survey of schools focused on ICT in education was cnducted by the European Commission in the years 2011-2012 with over 190,000 students, teachers and principals. This study introduced concepts of digitally supportive schools and digitally confident and supportive teachers (Wastiau et al. 2013) . However, according to Tondeur et al. (2008a, b) , teachers select applications of technology in line with their selection of other curricular variables and processes that fit into their existing beliefs about Bgood^education and about the nature of their roles as teachers. Although personal computers have been in schools for almost 40 years and networked computers are now available in most classrooms in the developed world, Ertmer and Ottenbreit-Leftwich (2013) note that most teachers are not using technology to effect meaningful changes in student outcomes but primarily as aids to delivering content. They characterize the most common experiences of students as learning from computers through searching for information online and writing assignments. In their view the problem arises from the emphasis having been placed on the technology while the solution lies in shifting the focus toward pedagogy, emphasizing how, rather than what. They suggest technology should be used to support meaningful learning with computers and that, rather than technology integration, the conversation should be about technology-enabled learning so that ICT is seen as the means for engaging in meaningful learning activities rather than ICT integration being adopted as an isolated goal. From the teachers' perspective, in terms of professional development, the implications include practicing technology-enabled teaching (or mediation, coaching or mentoring) and seeing ICT as a means for engaging students in learning.
In order to transform education with ICT, Ertmer and Ottenbreit-Leftwich (2013) suggest consideration of how contextual, cognitive and affective factors may act as barriers or enablers. Other researchers have also noted that adoption of ICT in classrooms is affected by multiple factors including capacity of resources and sustainability of the infrastructure or teacher skills and attitudes (Sang et al. 2010) . However, these factors are insufficient to explain why the majority of teachers have not demonstrated successful technology integration. Teachers' pedagogical beliefs play an important role in the use of ICT in the classroom (Hermans et al. 2008; Prestridge 2010 ) and should be considered as major foci in any approach to teacher professional development (TPD). Hence, in exploring the conditions for integration of ICT in education, there is a need for better understanding of the teachers' role, and subsequently, a need to study professional development programs, models and strategies, as a means to improve their impact on teachers' practice.
Teacher professional development
Leask and Younie (2013) question why, if teacher quality is accepted as a critical factor in educational outcomes, there is so little attention paid to improving the quality of teachers' professional knowledge. Given the rapid changes occurring in ICT and the relative lack of related transformation in education the need for effective TPD relative to ICT is apparent but it is less clear what TPD would be most beneficial and how it should be most effectively delivered. The lack of transformation of education as a result of ICT integration as described above carries ramifications for TPD in both pre-and inservice career phases. Gaps in usage and outcomes are identified worldwide. Some of these gaps may be explained in terms of teachers' digital literacy, which is a complex concept. Examination of a possible broader view of the knowledge teachers need to acquire in the information era can be relevant for examining the Bdigital competenceô f teachers, as well as taking it into consideration when constructing a TPD model; hence, the need to change traditional perceptions of ICT usage (Krumsvik 2008) .
Teachers' concepts of ICT usage can be compared with their students' use of ICT. In reality, their utilization of ICT in schools is much less intensive and extensive, and differs in usage patterns compared to their use outside school. Also, compared to the effects of ICT adoption in other sectors, the effects on education are less salient (Lim et al. 2013 ). Implementation of ICT in education systems seems often to be based on fashion rather than organized diffusion models, which develop from evidence-based decision-making based on previous experience (Martin et al. 2011) . Technology, having catalyzed changes in society in general, offers the potential to transform education and teacher education. However, its usage is far from being a means for systemic change: it rather facilitates Bislands of innovation^, based on excellent teachers, who may have launched innovative pedagogical practices using technology regardless of TPD (Forkosh-Baruch et al. 2005) . Approaches to extending the benefits of individual excellence include professional learning communities in schools, communities of practice, and networks that enable sharing more widely on the Internet (Twining et al. 2013) .
Teacher effectiveness, whether using ICT or not, is in general a problematic and challenging concept for multiple reasons that make its measurement and systematic efforts to improve it difficult (Campbell et al. 2003) . The measurement in itself is one of the challenges: How does one measure effective teaching and learning? What should be measured? When should measurements be taken? -These questions are discussed with regards to international as well as local assessment, highlighting aspects such as standardization, assessment of learning versus assessment for learning etc. Despite government expectations that ICT should be used to enhance the quality of education there has been little movement toward using ICT to assist teachers with accessing the knowledge that might enhance their practice (Leask and Younie 2013) . This is consistent with the conclusion reached by Ertmer and colleagues that Bwe should be utilizing the same technology tools for professional development that teachers are able to use in their classrooms^ (2012, p. 434) .
Recent research has demonstrated the importance of local school factors on changes in teachers' pedagogical use of ICT. In a study of 1076 teachers in 130 Hong Kong schools, Li and Choi (2014) found that the positive effect of professional development on teachers' pedagogical use of ICT was substantially less than the effect of social capital measured in two components. The first factor was the school climate and trust within the school, and the second factor was the existence of networks for accessing new information. Other recent research in Cyprus indicates that, although teachers believe that using ICT can transform education and are willing to use it, little real change is occurring in schools (Vrasidas 2014) . The major barriers appear to be lack of time, lack of flexibility in curriculum, and lack of access to ICT and support. Vrasidas notes that, although TPD needs to be systematic and systemic, it needs to be conducted in the schools and to respond to the local context. An international study of implementation of interactive whiteboards confirmed the benefits of school-based TPD drawing upon the contributions of teachers (Hennessy and London 2013) . Another study from a longitudinal intervention in seven primary schools in Australia concludes that the role of the ICT coordinator and school leadership in general can play a critical role in the success of TPD ). These findings support previous research about the importance of local conditions for the success of TPD (Ertmer and Ottenbreit-Leftwich 2013) and the benefits of networking teachers to share knowledge (Ertmer et al. 2012; Leask and Younie 2013; Twining et al. 2013 ).
The role of research
Teacher professional development should address the multiple forms of knowledge required for teaching and involves the development of effective knowledge management processes (Leask and Younie 2013) . One test of whether knowledge management is effective is whether educators can conveniently access research-based knowledge for improving practice. This is especially important in areas of rapid change such as the educational application of ICT and the use of networks and other ICT innovations to support the flow of knowledge that is crucial in enhancing teaching capabilities.
The relationship between research and practice in education has long been recognized as problematic. Bereiter (2013) characterizes the learning sciences as Ban effort to overcome the much-lamented gap between research and practice in education^(p. 12) and argues that neither explanatory (theoretical) knowledge nor practical (experiential) knowledge can fill the gap alone. He proposes as a solution principled practical knowledge, a combination of know-how and know-why that can be developed through design-based research, an approach that tests educational innovations in practice while simultaneously developing theoretical understanding. Others have gone so far as to suggest that relevance to practice might be applied as a criterion for determining the rigor of educational research (Gutiérrez and Penuel 2014) , and a case has been made previously that educational design-based research offers an approach that can sustain the necessary balance between rigor and relevance (Reeves 2011).
Toward a model of TPD for technology-enabled learning
Numerous research studies have investigated the factors that affect ICT integration in education and various typologies have been proposed (e.g., Kozma 2003; Tondeur et al. 2008a, b) . Some conditions, such as ICT infrastructure, seem to be absolute requirements for ICT to be used in classrooms. Some, including access to ICT, available time, and curriculum flexibility, are unlikely to be influenced by TPD. These might be considered to be foundational enabling conditions and are represented as such in the base of the model proposed in Fig. 1 to represent teacher professional development for technology-enabled learning.
Discussions in TWG3 at EDUsummIT 2013 were initiated around three foci derived from analysis of the literature. The large vertical arrows in Fig. 1 represent those elements, with some adjustments informed by the discussions in TWG3 and the literature presented above. Those factors, and others, are likely to be in complex reciprocal relationships with TPD as indicated by the smaller horizontal arrows. For example, shared vision for the use of ICT in a school may be developed through TPD but will also influence the content and style of TPD. Similarly, both networks and communities for informing teachers and design research may either provide subjects for TPD or be used as modes of delivery for TPD.
The importance of ICT in teaching and learning has led several countries worldwide to provide ICT-enhanced training in various forms of professional development. Unfortunately, many teachers report inadequate training in their preparation to use technology effectively and in an innovative manner in their teaching. Still, there are extensive actions around the world in using technology for teacher training, intending to encourage teachers to use technology to improve their teaching (Collis and Jung 2003) .
Using the conceptual framework above as a guide, in the following section we present four cases of TPD for technology enabled learning illustrating approaches that have been successful in varying contexts. Each case illustrates the reciprocal relationship between the core factors of TPD in the developed model. In addition, in each case, practice and research is integrated, thereby basing its development on evidence that arises from local studies. In turn, this evidence base contributes to the further confirmation of a model for TPD that facilitates ICT as a lever for educational change.
Four cases under the magnifying glass
The four cases described herein present four modes of TPD either for pre-or in-service teacher professional development. They illustrate different aspects of the model for TPD as presented in Fig. 1 . The opportunity to learn from successful cases, illustrating effective practices of TPD focusing on ICT implementation as a lever for pedagogy, may lead to development of local-based TPD, in harmony with local beliefs and pedagogic orientation regarding education in general and ICT implementation in particular.
Case 1: Flanders -team-based and school-based training for ICT-integration in primary education
Given the increasing importance of team-based and school-based professional development in the educational use of ICT, the online tool, pICTos (Planning for ICT in School), has been developed to support elementary schools in developing a shared vision for ICT (see Fig. 1 ). By using this tool, schools gain insight into their educational vision on how education is related to the use of ICT. The school team is expected to go through five steps. Some of these steps will be followed by each teacher individually, while others will be worked on together with the entire school team. Figure 2 is a screen shot of the start page of the online tool and illustrates the five steps schools should take while developing their ICT plan. The starting point of ICT-planning in pICTos is the formulation of a shared vision on the nature of 'good' education because this is a seen as a crucial condition for success. Fig. 2 Screen shot of the opening page of pICTos (Vanderlinde et al. 2010) After completing a survey, teachers' beliefs about education are plotted in a graph that represents teachers' scores for orientation toward transmissive approaches, such as direct instruction, or developmental approaches emphasizing students learning by doing. Once all teachers have made their educational beliefs explicit, they obtain both a personal score (teacher profile) and a group score (school profile). In this way, pICTos offers tools for a team discussion. Gaining insight into teachers' vision of education serves as a basis for debating a shared vision of education on the supportive role of technology in education in particular. In the next phase, each teacher registers individually which ICT activities are currently practiced in their classrooms. Once all teachers have entered their data, pICTos produces charts of the ICT activities. The school profile is an overview of the number of activities performed per final attainment level in the different grades. The idea is that this profile is evaluated in team so that teachers can see if the activities that are part of the current ICT final attainment levels are still under-performed. Next, a schematic outline is prepared of the final attainment levels prioritized by the various participants. This outline is presented for discussion to the entire team. Based on discussions, a common decision can be made on which final attainment levels deserve priority attention. In the next phase, teacher design teams are set up in order to add activities for their class as well as for classes in that same grade. The last phase invites the school team to create an outline of policy actions using results from the previous phases (cf. Networks & Communities in Fig. 1) . The ICT coordinator, in deliberation with team members, determines what actions are needed to optimize the current ICT actions and provides a deadline for each action. pICTos creates a chronological chart for these actions. This way, the school team is ready with a plan to optimize ICT action according to a specific timeframe.
The study of Vanderlinde et al. (2010) about the pICTos professional development program demonstrates the decisions made by the case study schools concerning the development and the content of their school-based ICT plan and activities, and how this use relates to the specific strategies adopted during the different phases of the professional development activities. Based on a mixed method research approach, data were collected from multiple sources and triangulated to reveal the views of various stakeholders, e.g., questionnaires with teachers, interviews with school leaders and ICT coordinators, field notes and document analysis. Interestingly, the interviews took place before, during and after the pICTos staff development program. For each school a follow-up interview with the school leader and the ICT-coordinator was conducted 1 year after the school finished the pICTos staff development program in order to grasp the cyclical process of policy plan development. One of the main findings was that the professional development sessions supported teachers and schools to shape their ICT planning according to their educational beliefs (cf. Tondeur et al. 2008a, b) .
The reciprocity between research and practice in this case is evident in how the results of this study have led to the re-design of the pICTos environment. Interestingly, the (re-)design of the program was conducted in collaboration with researchers and practitioners. In this respect, tool developers and trainers can consult the design principles, the steps of the cyclic process, and the structure of the pICTos environment (Vanderlinde et al. 2010 ) in order to support the development of an ICT school policy plan.
Case 2: Australia -teaching teachers for the future national project
The Digital Education Revolution (DER) was a policy of the Australian Government elected in late 2007. It was intended to ensure that all students would complete schooling with knowledge and skills for using ICT in employment and that learning across the curriculum would be enhanced by the application of ICT. The most visible element of the DER was funding for provision of computers to all students in years 9 to 12 but the implementation roadmap recognized that Beducators require the pedagogical knowledge, confidence, skills, resources and support to creatively and effectively use online tools and systems to engage students^ (AICTEC 2009, p. 6 ). The document called for both professional learning for existing teachers and graduate teacher standards with requirements for ICT capabilities. To support the goals of the DER, the government established an ICT Innovation Fund and invited project proposals for pre-service teacher education, and professional development of teachers and school leaders (DEEWR 2010) .
The Australian Council of Deans of Education (ACDE) collaborated with other relevant national bodies to develop a successful bid for the pre-service project and was awarded $8 million to implement the Teaching Teachers for the Future (TTF) project across all 39 Australian teacher education institutions (TEI). TTF had three components, namely, extending graduate teacher standards (aitsl.edu.au) to include ICT dimensions, demonstrations of ICT integration in the Australian curriculum (ttf.edu.au), and a National Support Network (NSN) to enhance treatment of ICT in teacher education. The NSN initiative supported each TEI to employ a full-time ICT Pedagogy Officer (ICTPO) with experience in K-12 classroom integration of ICT and to release a senior person as a halftime project manager for a year of project implementation in 2011-12. Each TEI nominated two of the four subjects (English, mathematics, science, and history) for which the national curriculum had been developed as focus areas in which the ICTPO would work with teacher educators to embed ICT. The intention was to revitalize teacher preparation to better model learning and teaching with ICT and to share successful practices within and across TEIs through the NSN.
The Technological Pedagogical Content Knowledge framework (Mishra and Koehler 2006 ) was identified as a useful conceptualization of the knowledge required by teachers for ICT integration and was adopted as the framework for TTF. It informed development of professional learning packages and the quantitative component of the evaluation which used a purpose developed questionnaire administered to several thousand pre-service teachers (Jamieson-Proctor et al. 2013) supplemented by qualitative methods using the Most Significant Change technique (Dart and Davies 2003; Heck and Sweeney 2013) . Despite the short period between first and second administrations of the questionnaire, statistically significant increases in pre-service teachers' TPACK confidence were detected .
Reciprocity between research and practice in this case was manifest in the use of the research-based TPACK framework to inform the entire national project and subsequent collaboration using the large pool of data collected in the evaluation to drive refinement of the instruments used to measure TPACK (Cavanagh and Koehler 2013) .
Case 3: Israel -the national program for adapting teacher education colleges to the 21st century
The development of Information and Communication Technologies (ICT) and the rapid growth of the Internet fundamentally influenced teacher pre-service training in Israel. It has developed as part of the Israeli Computerization Program from instrumental use of ICT in teaching to a genuine shift in pedagogical paradigms, massively influencing in teaching and learning (Mandinach 2005) . The National Computerization Program had begun its course as far back as 1994, following a National Report (Harari 1992 ; MOE MOE Israel 1993), followed by a recent upgrading of the program (the fifth round), titled BThe National Program for Adapting the Education System to the 21st Century^. While focus of the initial program was to instil computers in classrooms and train teachers in a large-scale manner, the focus of the current program is manifold: instilling 21st century skills, empowering teachers and teaching in schools, adapting education to variance between students, providing real-time feedback, arousing interest among students and facilitating communication between teachers and other stakeholders within the education system. The main goal is to lead novel pedagogy in the education system, ICT having a major role in this initiative (MOE MOE Israel 2011).
At first, teacher education colleges training pre-service teachers were not included in the National Computerization Program. As a result of a 3-year study focusing on the integration process of ICT in teacher education in Israel between the years 1993-2008 in light of theories of innovation and organizational change (e.g., Finley and Hartman 2004; Guri-Rosenblit 2002; Hall and Hord 1987; Surry et al. 2005) , since the year 2012, teacher pre-service education was included in this initiative, titled: BThe National Program for Adapting Teacher Education Colleges to the 21st Century^, i.e., within 3 years all colleges were granted a sum of approximately $150,000 each (altogether a sum of approximately $3,750,000) for executing ICT-based educational initiatives for pre-service training as well as for faculty training within each college. The initiative was funded by the Administration of Science and Technology as well as the Department for Teacher Training, both within the Israeli MOE.
This creates a continuum of professional development, beginning with pre-service and flowing to ongoing in-service TPD, facilitating reciprocal relationships between academia and practice (personal or professional), as well as between pre-and in-service teacher training (Newman and Mowbray 2012) . This is in line with the notion of lifelong learning (Lim et al. 2011; Teo 2010) , and also with the general perception of PDS (professional development schools), in which pre-and in-service teachers train together in order to create a two-way development process, between academia and practice (Bausmith and Barry 2011) . The expectations were that the pre-service teachers take on the role of innovators, adopting the knowledge growth and diffusion of innovation approach, in correspondence to theoretical paradigms dealing with infusion of innovation and implementation of change (Rogers 2003; Shulman 1986 ). Specifically, factors and key themes that may facilitate ICT implementation as a lever for change were identified in each college on the institutional as well as the micro-level, in accordance with the relevant academic body of knowledge (Tondeur et al. 2012) . Each college was requested to prepare a program for ICT implementation according to its educational vision of education as well as pre-service training, in line with the K12 computerization program, thereby being influenced as well as influencing K12 practice.
Progress was monitored by annual reports that included mostly pedagogical aspects, but also a financial report on usage of funding (a fourth of which were required to be allocated for professional faculty development). Both K12 and education colleges carried out surveys and studies, examining the outcomes of the computerization programs.
In addition, an inter-collegial annual course was established at the MOFET institute, a national inter-collegial center for the research and development of programs in teacher education and teaching in colleges. The course was mandatory for 6 faculty members of each college participating in the National Program for Adapting Teacher Education Colleges to the 21st Century. These representatives were expected to be major position holders within each college, that serve as arrowheads to faculty altogether. This model, also corresponding to the K12 teachers' professional development, but unique in its nature, ensures the distribution of contents, competencies, skills and views on ICT implementation that were taught and discussed in the course in a gradual fan-like manner rather than a revolutionary process, that may prove to be sustainable, transferable and scalable (Kirkup and Kirkwood 2005) . In this case the importance of networks and communities for sharing and distribution of learning from TPD is highlighted and there are elements of design-based research in the process of gradual implementation with opportunities to learn and adjust as the implementation progresses.
Case 4: Vietnam -institutional capacity development in teacher education institutions
In 2008 the Vietnamese Ministry of Education and Training initiated a program on BFriendly Schools, Active Students^, supported by the Flemish Association for Development Cooperation and Technical Assistance (VVOB) to develop the institutional capacity of teacher education institutions (TEI). The program had a focus on research, monitoring and evaluation, leading to Bevolutionary planning^for integration of information and communication technology (ICT) in education. There was a reciprocal relationship between research and practice at different levels throughout the program as the processes of planning and TPD were informed by research and were, in turn, reported in research publications adding to the knowledge available to the wider field. Participating TEIs were instructed to develop a technology plan, following the Planning Guide on ICT in Teacher Education (UNESCO 2002). These technology plans were written by educational managers and ICT coordinators of the respective TEIs. The first essential condition of a technology plan was a shared vision: from the administration to the grounds personnel, there should be an understanding of, commitment to, and sense of advocacy for the implementation of technology (UNESCO 2002) . The subsequent conditions were categorized in the five operational components of technology planning, as described by Kozma (2008) : infrastructure development; teacher training; pedagogical and curricular change; content development; and technical support. By the end of the first phase of the program (in 2010) all participating TEIs had rewritten their respective technology plans twice. In the most recent versions, these plans reflected a comprehensive vision on educational innovation in which they gave importance not only to infrastructure development but also to professional development, pedagogical and curricular change (Peeraer and Van Petegem 2011b) . These technology plans formed the benchmark for monitoring and evaluation of different aspects of integration of ICT. However, as observed elsewhere (Lee et al. 2008) , guidelines on ICT were often still too weak to spell out exactly how integration of ICT in teaching and learning should look like or what educators need to know or believe.
At the level of the teaching practice in the TEIs, a training program for teacher educators had been set up, while continuing reflection and learning was encouraged in communities of practice. A training needs assessment at the start of the program showed a lack of confidence of teacher educators to use ICT in teaching practice (Peeraer and Van Petegem 2011a) . Teacher educators mostly used ICT to replace traditional, teacher centered teaching practice. Therefore, VVOB focused its support on the development and implementation of a comprehensive professional development program. The program focused on the interplay between technological, pedagogical and content knowledge (TPACK) (Koehler et al. 2007 ) of teacher educators. Even though the learning transfer was efficient, the impact of the training program as such was limited (Peeraer and Van Petegem 2012) . A significant part of variance in the application of ICT for teaching and support of student learning was explained by additional engagement in action research and communities of practice. We agreed with others (Barton and Haydn 2006; Karagiorgi and Charalambous 2006; Latchem and Jung 2010) who have argued that it may be best to combine programmed professional development addressing TPACK of teacher educators with incentives for additional engagement with the topic, especially as encouragement for ICT enthusiasts to exchange with and encourage peers. VVOB supported the launch of a series of Communities of Practice (CoP) where teacher educators of different TEIs could exchange and share experiences. These CoPs consisted of enthusiasts that tried out new tools and methodologies in their teaching and learning practice and as such created islands of innovation that attempted to transform education from within. Albion et al. (2011) acknowledge that there is still much to be learned about how best to initiate and support such learning communities and the change to the professional culture that is needed to facilitate their success. It is clear that apart from supporting staff in providing access to ICT, TEIs ideally support a culture of social and collaborative professional development to harness the full potential of their human resources.
Discussion
In this paper we initiate the development of a model for TPD that facilitates ICT as a lever for educational change (see Fig. 1 ). In the introduction we build up the argument that in exploring the conditions for integration of ICT, there is a need for better understanding of the teachers' role and subsequently, to study professional development programs, models and strategies, as a means to improve their impact on teachers' practice. After outlining the conceptual model identifying core factors of TPD, we presented four case studies in which the reciprocal relationship between these factors is illustrated.
In all cases, it seems that the human factor in education is of utmost importance. Hence, excellent teacher professional development, established as a continuum ranging from pre-service throughout in-service training is vital in the age of information technology, characterized by constant change and advancements. Indeed, two of the three foci that were identified to begin with as central to TPD were the engagement of stakeholders in developing a shared vision about the role of ICT in education, and engaging teachers in school-based communities of practice or professional learning networks, as an effective means of developing ICT-integrated pedagogy. The cases presented in our paper highlight the importance of TPD as a means of clarifying beliefs, vision and action regarding ICT integration in teaching and learning. All cases describe an attempt to reduce the gap between educational research and practice of teachers: the research conducted is closely related to teachers' practice as a result of professional development programs.
Without claiming to be exhaustive or prescriptive the model for teacher professional development proposed in this paper accounts for important components that have been identified in the research literature, i.e., research, TPD and practice, within a context of developing several modes and models for ICT implementation, based on factors such as a systemic vision, cultural diversity etc. The basic model should be very simple, allowing countries to add to any of its components additional sub-components. The focus of a possible model should be the term Btechnology-enabled learning^, which can be defined globally, but also entails local elements defined by each country. The components of a possible model should reflect the different emphases of the cases illustrated in our paper. The case of Flanders focuses on school-based in-service professional development, in an attempt to enhance practice. The case of Australia combines a pre-and in-service top-bottom professional development policy, with direct practical implications. The Israeli case sees practice as a result of lifelong learning beginning in pre-service training and continuing during a teacher's professional lifespan as facilitating best pedagogical practices. Finally, in the case of Vietnam, the starting point is research, which enables the construction of a training program for teacher educators.
In the case of Flanders, highlighting team-based and school-based training for ICTintegration in primary education, the shared vision of 'good' education served as the foundation for a school-based ICT policy plan, and affected all other curriculum and policy planning initiatives (Vanderlinde et al. 2010) . In a best-case scenario, such a plan will stimulate a dialogue among school managers, teachers and parents about technology use in the curriculum (Lim et al. 2013) . School improvement perspective is a practice-and policy-oriented approach to strengthen schools' capacities for managing change (Creemers 2002) . Reynolds et al. (2000) argue that a school-improvement approach to educational change embodies the long-term goal of establishing a selfrenewing school. Schools differ with respect to performance levels, innovation capacity and contextual characteristics (Otto and Albion 2002) . Longitudinal studies drawn from intervention can contribute to the improvement of professional development on the field of ICT integration on the one hand, and knowledge growth on the other hand (cf. Tondeur et al. 2010) . The results of the Vanderlinde et al. (2010) study are of particular interest for developers of professional development activities. Developers can consult the design principles, the steps of the cyclic process, and the structure of the pICTos environment.
The Australian case is an example of a systematic and integrated approach to provision of ICT in schools accompanied by professional development for all phases, from pre-service through in-service to leadership. The pre-service element in particular had a reciprocal relationship with research, being informed by current research around the TPACK framework (Mishra and Koehler 2006) and contributing to the body of research-based knowledge through its evaluation (Cavanagh and Koehler 2013; Finger et al. 2013; Heck and Sweeney 2013) . The project included review and adjustment of professional standards to include appropriate expectations for ICT. Although there was a common structure across the national project, it provided for customization to suit the needs of local teacher education institutions while building links with teachers in the field. Finally it linked teacher educators around the country in a network for sharing effective practices.
The Israeli case illustrates the national program for adapting teacher education colleges to the 21st century, thereby emphasizing not only ICT integration, but rather rethinking the curriculum in teacher pre-service development at large, as a result of paradigmatic change in teaching and learning in the 21st century (Gibson and Brooks 2013) . This strengthens the education system by a top-down process, funded by the Israeli MOE, but also, due to specific programs created by each college, in a bottom-up manner that is known in other sectors of higher education as well (Jaros 2014) . This allows each institute degrees of freedom in constructing unique programs for pre-service development, all meeting criteria of ICT integration, in a process by which their technological knowledge is entwined in their content and pedagogical knowledge and skills ). The intercollegial annual course reflects the creation of communities of practice and professional learning networks between colleges' faculty, thereby serving as a model for pre-service teachers in their search for collaboration and joining communities of practice as future teachers (Sari and Herrington 2013) .
The Vietnam case is an illustration of how research, monitoring and evaluation can play a role at various levels. On the management level, the participating TEIs have developed a yearly technology plan, starting from a shared vision on integration of ICT in education, forming the benchmark for monitoring and evaluation of different aspects of ICT integration. On the teaching level in the TEIs, a training program has been set up, while continuing reflection and learning was encouraged in communities of practice. As suggested by Walkington (in Lim et al. 2011) , mentoring and peer coaching have become important components of the professional development of educators. Teacher educators have been motivated to share experiences and insight, to reflect and discuss with peers and to carry out action research. The capacity to monitor, evaluate and eventually learn is mostly in the hands of teacher educators. Bridging the gap between planning and practice requires that this group of innovators have a stronger voice in their respective TEIs.
The scientific contribution of the paper is, hence, manifold. First, it highlights the importance of learning with ICT as a major goal in an attempt to facilitate innovative pedagogical practices in a systemic widespread model, rather than ICT integration in general in a model of islands of innovation. Secondly, it illustrates case studies in which systemic change has occurred de facto, supported top-down by ministries of education in the countries in which a decision has been made to empower pre-service and in service training and professional development. Thirdly, the emphasis on the human factor, i.e., pre-or in-service teachers as well as teacher educators, illustrates a shift in allocation of resources and funding, from technology to pedagogy. And finally, the research frameworks detailed in the paper allows a tremendous contribution to the academic body of knowledge in the field of ICT in education, basing practice on evidence based studies.
The findings from the four cases helped in understanding how professional development facilitates teachers' use of ICT in education and how we can reduce the gap between educational research and practice. Yet another classification of TPD activities refers to a continuum between TPD that is related to ICT literacies on one end and innovative pedagogical practices on the other end, emphasizing a systemic level of ICT integration. The reciprocal relationship between research and practice is a necessity in teachers' professional development for ICT integration. The emerging theme from the cases described in our paper is the need for evidence-based decision-making. National plans as well as local ones require endless efforts -these should be planned carefully and based on facts and longitudinal evidence rather than notions. The cases presented in this paper illustrate the conceptual model on TPD. At the same time, these kinds of case studies of successful, but also failing practices, can inform further development of models and strategies for TPD. Implications and future directions may include utilizing a design-based research approach to investigate various possibilities of ICT-based TPD, alongside sharing the work and outcomes through networks and communities. Designbased research is a practical research methodology that bridges the gap between research and practice in education (Anderson and Shattuck 2012) ; hence it is the best paradigm for the context discussed in this paper. As an emerging paradigm, designbased research is accessible to pre-and in-service teachers, providing a framework for them to work at the edge of their evolving knowledge on the integration of ICT in their profession, and also providing a framework for teacher educators to develop models for enhancing their teacher training models.
Conclusion
The model presented in Fig. 1 is based on the literature cited above and the discussions among TWG3 participants at EDUsummIT 2013 and afterward. It presents key factors for the success of technology-enabled learning as identified in the published research and indicates some possible relationships among them. It is not intended as a model that could be tested by statistical methods such as structural equation modeling. It does, however, provide a simple conceptual map that can be used as a guide in the examination of cases from the field. The four cases presented in the body of the paper illustrate the presence of the identified factors and their relationships as general conditions for success of TPD intended to promote effective technology-enabled learning. In that respect the model is a useful heuristic for research and for those charged with designing and delivering TPD.
